Since urethane is a widely used anesthetic in animal experimentation, in the present study we evaluated its effects on neurons of the NTS in brainstem slices from young rats (25-30 days old). Using the whole-cell configuration of the patch-clamp technique, spontaneous postsynaptic currents (sPSCs) and properties. These data suggest that urethane has an inhibitory effect on GABAergic neurons in the NTS, but does not change the spontaneous or evoked excitatory responses.
Introduction
The nucleus of the solitary tract (NTS), located in the dorsomedial aspect of the medulla oblongata, plays a key role in the control of several autonomic reflex functions, including respiratory, cardiovascular, gustatory and gastrointestinal responses because the afferents of these reflexes make their first synapse at this level of the central nervous system. Therefore, the NTS is an important integrative center of convergent information, playing a critical role in the modulation of the efferent autonomic responses (3, 24) .
Microinjections of substances into the NTS have been used to infer functional properties of this nucleus, particularly those concerned with neurotransmission. Due to the small size and caudal location of NTS, this type of experiment is very sensitive to head and neck movements. For these reasons the large majority of studies exploring this nucleus have been performed in animals under anesthesia.
Urethane (ethyl carbamate) is one of the most frequently employed anesthetics in studies related to cardiovascular research, since it produces a long-lasting surgical level of anesthesia (18, 19) . Nevertheless, studies (17, 28) have shown that urethane has profound effects upon the cardiovascular reflex responses by affecting neurotransmission in the brainstem. The lumbar sympathetic nerve activity, pressor response and reflex excitation of the reticulospinal vasomotor neurons, elicited by stimulating the chemoreflex were dose-dependently abolished by systemic administration of urethane (28) .
Previous results from our laboratory have shown that microinjection of Lglutamate into the NTS of awake rats produces a large increase in the mean Page 3 of 30 arterial pressure (MAP), while in the same rat under urethane anesthesia the microinjection of the same dose of L-glutamate leads to a fall in MAP (17) .
Moreover, urethane affects the responses induced by neurotransmittergated ion channel receptors, potentiated the functions of neuronal nicotinic acetylcholine, GABA A , and glycine receptors, and inhibited NMDA and AMPA responses of receptors expressed in Xenopus oocytes (13) . Study by Scholfield (26) also showed that urethane was the least potent of a series of anesthetics in producing enhancement of the inhibitory postsynaptic potential in guinea pig olfactory cortex, a response that involves a GABAergic mechanism.
In spite of urethane widespread use in animal research there are few reports concerning its cellular actions. Nevertheless the understanding of urethane mechanism of action upon the central neural pathways, particularly those involved in the cardiovascular function, is critically important for assessing the physiological relevance of data obtained under this type of anesthesia.
Considering that the NTS plays a key role in the processing of several reflexes afferents, the aim of the present study was to analyze the effect of acute application of urethane on spontaneous (excitatory and inhibitory) and excitatory-evoked synaptic neurotransmission in the NTS neurons in brainstem slices of the rat.
Materials and methods
All experimental protocols used in this work were reviewed and approved The aCSF solutions for perfusion with the different drugs were selected using a 6-valve solenoid system (VC-6; Warner Instruments, Hamden, CT, USA), and applied to the slices by a gravity-driven perfusion system (flow rate of 2-3 ml.min -1 ). Recordings started at least 2 minutes after initiating the drug perfusion.
The urethane concentration (20 mM) used in most of the experiments corresponds to the plasma concentration obtained during surgical anesthesia (18, 19, 28) , however, we also tested 60 mM urethane. Considering that the results were similar using both concentrations, most of presented data were obtained with the concentration of 20 mM. Considering that only glutamatergic and GABAergic spontaneous currents are reported to be present in neurons of NTS (6, 14, 23), we pharmacologically isolated spontaneous excitatory and inhibitory post-synaptic currents using the specific antagonists of non-NMDA and GABA A receptors (DNQX and bicuculline, respectively) and studied the effect of urethane on both types of current. 
Results
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Currents (sEPSCs): The sEPSCs were isolated by perfusing the slice with aCSF containing 20 µM bicuculline, a GABA A receptor antagonist. Figure 2 shows that urethane did not affect the frequency (sEPSCs: 0.5 ± 0.1 Hz; urethane: 0.4 ± 0.1 Hz, panel A), the mean amplitude (sEPSCs: 22.5 ± 1.6 pA;
urethane: 22.6 ± 1.9 pA, panel B) or the mean half-width (sEPSCs: 3.0 ± 0.4 ms; urethane: 3.1 ± 0.6 ms, panel C) of the sEPSCs (n=6).
Urethane does not affect the miniature sIPSCs:
Since urethane affected only the frequency and not the amplitude of the sIPSCs we can assume that it is acting pre-synaptically. We hypothesized that this anesthetic is acting by lowering the probability of firing of the GABAergic interneurons, and not on the release probability of a GABAergic vesicle, since the mean amplitude of the events were not altered by urethane.
To confirm this hypothesis we tested the effect of urethane on the action potential independent events, i.e., the miniature GABAergic synaptic events (mIPSCs). In these experiments the mIPSCs were recorded in the presence of 10 µM tetrodotoxin (TTX, a Na + -channel blocker) and 10 µM DNQX. Consistent with our hypothesis, the figure 3 shows that urethane did not produce any significant change in the mean frequency (TTX+ DNQX: 0.6 ± 0. 5.9 ± 1.6 ms, panel C) (n=8). These results confirm that urethane is not acting on GABA A receptor at post-synaptic level, and also that urethane does not change the release probability of a GABAergic vesicle. 
Urethane does not affect the ST evoked post-synaptic currents (ePSCs):
Although urethane did not affect the glutamatergic spontaneous transmission,
we also investigated its effect on glutamate-ePSCs after electrical stimulation of the ST. In the presence of bicuculline and at a holding potential of -70 mV, stimulation of the ST produced inward fast-decaying eEPSCs that were abolished by DNQX (data not shown), indicating that non-NMDA subtype of glutamate receptors (AMPA/kainate) were activated. In accordance with the lack of effect of 20 mM urethane on the non-NMDA sEPSCs the panel A of figure 4 shows that this anesthetic also had no effect either on the non-NMDA eEPSC amplitude (control: 204.4 ± 35.5 pA before and 196.6 ± 31.2 after 20 mM urethane, n=6) nor on its kinetics. We tested the effect of 60 mM urethane on the non-NMDA eEPSC and we also found no effect on the amplitude of the events (control: 176 ± 33.1 pA before and 156.6 ± 31.2 after 60 mM urethane, n=6).
The effect of urethane was also tested on the NMDA eEPSC. For measuring pure responses to NMDA receptor activation we blocked the fast (Table 1) .
Discussion
Urethane induces deep narcosis and is widely used in animal experimentation, mainly because of its long lasting action (18, 19) . However, The autonomic responses also change after urethane administration. It has been shown that urethane depresses the baroreceptor reflex (12) and reduces the pressor and bradycardic responses induced by noradrenaline microinjection in the cingulate cortex of rats (11) . Previous study from our laboratory (17) showed that microinjection of L-glutamate into NTS of awake rats produced a large increase in MAP, while in the same rat under urethane anesthesia the microinjection of the same dose of L-glutamate produced a fall in the MAP.
Taken together these data clearly show that urethane anesthesia may affect the neural processing in several areas of the CNS including the NTS.
The mechanisms of action of urethane are unknown but it has been proposed that some types of general anesthetics (volatile and gaseous anesthetics and non-immobilizers drugs) increase the GABAergic inhibitory currents, and/or inhibit the glutamatergic responses (10) . Although there is a large variety of neurotransmitters and neuromodulators within the NTS (15), Lglutamate and GABA are considered the major neurotransmitters system at this level. It is well accepted that glutamate is the neurotransmitter released by the first-order visceral afferent fibers on neurons within the NTS, and GABA would be only released by activation of GABAergic interneurons (2).
There are evidences indicating that GABA exerts a powerful modulatory role in the NTS on the regulation of respiration, arterial blood pressure and heart rate (25, 30) . Our results showed that urethane reduces the frequency of spontaneous GABAergic synaptic currents and does not affect the glutamatergic neurotransmission (spontaneous or evoked events), suggesting that most of the GABAergic mechanisms in the NTS may be affected in experiments performed under this type of anesthesia.
Some studies have reported different actions of urethane on the GABAergic neurotransmission (8, 13, 21) . The depolarization of the superior cervical ganglion of the rat was reduced in the presence of bicuculline, and urethane was effective in reversing the effect of bicuculline, suggesting that this anesthetic could increase the action of GABA (8) . There is evidence that urethane enhances the action of GABA in GABA A receptors expressed in Xenopus oocytes, possibly by increasing the affinity of the GABA A receptors to GABA, resulting in larger GABA A receptor currents (13) . However, this effect will occur only if the GABA concentration released at the synaptic cleft saturates the receptor, otherwise urethane will not affect the amplitude of the inhibitory current.
In the present study urethane did no change the mIPSC amplitude suggesting that: (1) urethane has no effect on the GABAergic post synaptic receptors in NTS neurons or (2) the post synaptic receptors are saturated by the concentration of GABA released and urethane can not affect the amplitude of the inhibitory events. To verify this hypothesis we analyzed the effect of diazepam, a benzodiazepine agonist that increases the affinity of the GABA A receptor to GABA (16, 27) . The data showed that diazepam did not change the mIPSCs amplitude in the NTS neurons, supporting the concept that GABA A post-synaptic receptors in our experimental condition are saturated by GABA, masking any possible effect of urethane on the mIPSC amplitude.
We did not observe a decrease in the amplitude of the glutamatergic spontaneous and evoked (both NMDA and non-NMDA) events, although it has been reported that urethane decreased the AMPA and NMDA induced currents (13) . However, the effect of urethane on receptor ion channels observed by Hara and Harris (13), presented an EC 50 higher than the concentrations of urethane used in our study (20 mM) , which is closer to its plasma concentration during surgical anesthesia (18, 19, 29) . This result may imply that the urethane effect on glutamatergic currents would be observed at higher concentration.
Nevertheless, in the present study we verified that a 3-fold higher concentration of urethane (60 mM) also did not change the mean amplitude of sPSCs or the evoked non-NMDA EPSC in NTS slices. Therefore, even if we assume that urethane has post-synaptic effects on ionotropic GABA and glutamate receptors, these effects are not changing the amplitude and waveform of both IPSCs and EPSCs in the NTS.
Our results suggest that urethane inhibits GABA release by diminishing the probability of firing of GABAergic interneurons in the NTS without decreasing the release probability of GABAergic synaptic vesicles. This suggestion is supported by the following observations: (i) urethane does not affect the mean amplitude of IPSCs and (ii) it does not affect the frequency of TTX-insensitive mIPSCs. However, considering that urethane had no effect on the passive and firing properties of the NTS neurons, it might be possible that urethane is also acting on a small subset of neurons in the NTS, which by chance, were not recorded in our experiments. The present results are unexpected because they
show that in the NTS urethane does not present the usual effects of other general anesthetics on neurotransmitter receptors in central nervous system (10) .
It has also been reported that urethane affect the GABAergic transmission in other brain areas, such as the rostral ventrolateral medulla (RVLM), an important brainstem region involved in the generation of the sympathetic activity to the cardiovascular system. In conscious rats microinjection of GABA into RVLM induced a small decrease in blood pressure. However, in the same animals, the fall in blood pressure was greater after urethane anesthesia (15).
Either 
